Introduction mice, p < 0.01; PPR, 108 ± 3 %, n = 9 from 4 mice, p > 0.05). The pharmacological data 340 again supported a role for M3 receptors. Nicotinic receptor antagonist mecamylamine (25 341 µM) did not prevent CCh-induced depression ( Figure 4L ; 31 ± 6 %, n = 5 from 3 mice, p < 342 0.01) but the muscarinic receptor antagonist atropine (10 µM) did ( Figure 4L ; 87 ± 5 %, n = 6 343 from 3 mice, p > 0.05), demonstrating that, as for excitatory synaptic transmission, inhibitory 344 inputs to CA1 pyramidal neurons are depressed by muscarinic receptor activation. Muscarinic 345 M1 receptors did not alter TA IPSC as the agonist GSK-5 was unable to modulate inhibitory 346 synaptic transmission ( Figure 4L ; GSK-5 500 nM; 83 ± 6 %; n = 4 from 2 mice, p > 0.05) 347 and the M1 receptor antagonist nitrocaramiphen was unable to block the CCh effect ( Figure   348 4L; nitrocaramiphen 100 nM, 49 ± 2 %, n = 4 from 2 mice, p < 0.01). Similar to excitatory 349 transmission, muscarinic M3 receptor antagonist (DAU5884 1 µM) blocked TA pathway 350 IPSC modulation by CCh ( Figure 4L ; 84 ± 4 %, n = 8 from 4 mice, p > 0.05). These results 351 show that M3 muscarinic receptors are located at presynaptic TA terminals where they Cholinergic disinhibition enhances CA1 output in response to temporoammonic but not 356 Schaffer collateral input. 357 The modulation of hippocampal synaptic transmission and in particular the differential 358 regulation of excitatory-inhibitory balance of SC and TA synaptic pathways predicts that 359 acetylcholine prioritises CA1 response to inputs from entorhinal cortex via the TA pathway. 360 To test this prediction, we monitored spike generation in CA1 pyramidal neurons in response 361 to SC and TA pathway stimulation using trains of 10 stimuli at 10 Hz given to SC or TA 362 pathways. The stimulus intensities were set so that post synaptic potentials (PSPs) were 363 suprathreshold for action potential initiation on some but not all stimuli (Pspike; see methods). 364 Application of 10 µM CCh depolarised CA1 pyramidal neurons (average depolarisation 5.3 ± 365 0.7 mV) so to dissociate the effects of CCh on membrane potential and synaptic inputs 366 current was initially injected to maintain membrane potential at baseline (i ≠ 0) and assessed 367 changes in spike probability. Subsequently, the injected current was removed (i = 0) to 368 examine how cholinergic depolarisation affected spike probability. With membrane potential 369 maintained at baseline levels, CCh dramatically reduced the probability of spikes generated 370 by SC pathway stimulation ( Figure 5A1-C1 ; Pspike baseline 0.59 ± 0.07 vs CCh i ≠ 0 0.14 ± 371 0.05, n = 12 from 5 mice, p < 0.001) and required more stimuli within a train and therefore a 372 longer delay to generate the first spike ( Figure 5A1 -C1; baseline, 298 ± 58 ms vs CCh i ≠ 0, 373 775 ± 83 ms, p < 0.001). With current injection removed and membrane potential allowed to 374 depolarise, spike probability increased slightly but failed to return to baseline levels ( Figure   375 5A1-C1; Pspike 0.33 ± 0.05, p < 0.05 baseline versus CCh i = 0). In contrast, CCh application 376 had little effect on TA pathway driven spike probability and delay to the first spike when the 377 membrane potential was maintained at baseline levels (Figure 5A2-C2; Pspike baseline, 0.33 ± 378 0.06 vs CCh i ≠ 0, 0.43 ± 0.08, n = 15 from 10 mice, p > 0.05; delay to spike baseline, 397 ± 379 56 ms vs CCh i ≠ 0, 483 ± 66 ms, p > 0.05). However, with current injection removed and shortened (Figure 5A2-C2; Pspike 0.61 ± 0.06, p < 0.01 vs baseline; delay to spike 280 ms ± 27 382 ms, p < 0.05 vs baseline).
383
Since CCh or endogenous acetylcholine reduce excitatory synaptic inputs from the SC and 384 TA pathways equally (Figures 1&2) , our data suggest the CCh-induced increase in spike 385 probability in response to TA pathway input is caused by a frequency-dependent depression 386 of feedforward inhibition, and therefore increase in excitatory-inhibitory balance, selectively 387 in the TA pathway ( Figure 2 ). Indeed, a substantial hyperpolarising envelope driven by 388 inhibitory synaptic inputs was seen in spike probability recordings from both SC and TA 389 pathways and could be removed by application of a GABAA receptor antagonist (picrotoxin, 390 50 µM) ( Figure 6A -B; SC hyperpolarising envelope -2.45 ± 0.63 mVs, n = 15 from 5 mice 391 versus SC GABAA antagonist -0.10 ± 0.66 mVs, n = 7 from 2 mice, p < 0.05; TA 392 hyperpolarising envelope -3.01 ± 0.46 mVs, n = 23 from 9 mice versus TA GABAA 393 antagonist -1.19 ± 0.52 mVs, n = 7 from 2 mice, p < 0.05). To test the importance of CCh and CCh i ≠ 0, 0.21 ± 0.06, n = 9 from 3 mice, p < 0.01) and showed an increase during 399 depolarisation without reaching baseline levels (0.44 ± 0.07, p < 0.05 versus baseline), which 400 was correlated with delay to first spike (baseline, 318 ms ± 67 ms, CCh i ≠ 0, 673 ms ± 122 401 ms, CCh i = 0, 397 ms ± 92 ms, p < 0.05 baseline versus CCh i ≠ 0). In contrast, the TA 402 pathway, which increased Pspike after CCh when PSP included both excitatory and inhibitory 403 drive, yielded a similar spike probability outcome to SC pathway when inhibition was 404 blocked, decreasing spike probability whether membrane potential was depolarised or not 405 (Figure 6C2-D2; baseline, 0.58 ± 0.06; CCh i ≠ 0, 0.17 ± 0.05; CCh i = 0, 0.37 ± 0.08; n = 8 406 from 4 mice; p < 0.01 baseline versus CCh i ≠ 0 and p < 0.05 baseline versus CCh i = 0). This 407 was associated with increases in the delay to first spike (Figure 6C2-D2; baseline 246 ms ± 23 408 ms; CCh i ≠ 0, 631 ms ± 119 ms; CCh i = 0, 464 ms ± 119 ms; p < 0.05 baseline versus CCh 409 i ≠ 0).
410
Finally, we sought to confirm that endogenous release of acetylcholine in the hippocampus 411 also decreases the probability of SC evoked spikes and increases the probability of TA 412 evoked spikes. To test this, we reverted to optogenetic stimulation of cholinergic fibers in 413 mice expressing ChR2 in cholinergic neurons. This produced no change in membrane 414 potential and therefore required no current injection to maintain a constant resting potential. 
Discussion

436
A long-standing and influential theory proposes that acetylcholine release in the hippocampus 437 prioritises novel sensory information input to enable incorporation into memory ensembles 438 (Hasselmo, 2006) . This theory is based on computational modelling and the observation that 439 SC synaptic inputs are more sensitive than TA inputs to depression caused by exogenous 440 cholinergic agonists (Dannenberg et al., 2017; Hasselmo, 2006; Hasselmo and Schnell, 1994; 441 Hasselmo et al., 1995) . In contrast, we show that excitatory synaptic transmission at SC and 442 TA inputs to CA1 are equally depressed by endogenous acetylcholine released in response to 443 optogenetic stimulation ( Figure 1 ). Furthermore, in the absence of inhibition, we show that 444 this results in a dramatic reduction of spike output from CA1 in response to either SC or TA 445 input ( Figure 6 ). However, when we considered the effects of acetylcholine on local 446 inhibitory networks as well as excitatory inputs, we find that acetylcholine depresses 447 feedforward inhibition in the TA pathway more than the SC pathway over the course of a of TA inputs in contrast to M4 receptors acting on SC inputs provides a novel mechanism by 555 which specific targeting of these muscarinic receptors could represent a therapeutic strategy 556 to bias hippocampal processing and enhance cognitive flexibility.
River) mice were used as the background strain. The generation of the M3 receptor KO mice 562 has been described (Yamada et al., 2001) . The M3 KO mice used for this study had been 563 backcrossed for 10 times onto the C57BL/6NTac background. Cre reporter allele mice (The A, Responses in CA1 pyramidal neurons to 10 stimuli at 10 Hz given to Schaffer collateral (SC, A 1 ) or temporoammonic (TA, A 2 ) input pathways. After application of CCh (10 µM), membrane potential (V h ) is initially held at baseline levels by injection of current (i≠0) and then allowed to depolarise (i=0). B, Heat maps depicting spike probability for 10 stimulation pulses from 10 cells for SC (B 1 ) and TA (B 2 ) input pathways before and during CCh application. C, Spike probability and time to first spike for SC (C 1 ) and TA (C 2 ) input pathways. Spike probability decreased after CCh application in SC pathway but increased in TA pathway. Data are mean ± SEM; One-way ANOVA with repeated measures and post hoc Bonferroni correction *** p < 0.001 ***p < 0.01 * p < 0.05. Figure 2A before and after CCh (10 µM) application. C, EPSC (C 1 ) and IPSC (C 2 ) reduction by CCh for each of the 5 stimuli for SC (green) and TA (purple) pathways shown in Figure 2A . D-E, CCh reduced the depression index for SC (green) but not TA (purple) disynaptic feedforward IPSCs. Depression index is calculated as the amount of cumulative depression between the 2 nd and 5 th responses within the train of 5 responses. Data are mean ± SEM; A compared via two tailed unpaired Student's T-test and E via one-way ANOVA with post hoc Bonferroni correction *** p < 0.001 ** p < 0.01. 
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